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@ Consolidatable particulate material and well treatment method. 



(57) A subterranean zone located in a well is 
treated by injecting a treating composition into 
the well to place the treating composition in the 
subterranean zone, the treating composition 
comprising a gelled canter; a particulate ma- 
terial ; an epoxy resin system including at least 
one epoxy resin ; and a finely-divided hardening 
agent which, when dissolved, is operable for 
hardening the epoxy resin, the finely-divided 
hardening agent being dispersed in the epoxy 
resin system. The finely-divided hardening 
agent is maintained under conditions such that 
prior to injecting the composition into the well, 
the finely-divided hardening agent does not 
substantially dissolve. 
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(g) Consolidatable particulate material and well treatment method. 

(St) A subterranean zone located In a well is treated by Injecting a treating composition into the well to 
place the treating composition in the subterranean zone, the treating composition comprising a gelled 
carrier; a particulate material; an epoxy resin system including at least one epoxy resin; and a 
finely-divided hardening agent which, when dissolved, is operable for hardening the epoxy resin, the 
finely-divided hardening agent being dispersed in the epoxy resin system. The finely-divided hardening 
agent is maintained under conditions such that, prior to injecting the composition into the well, the 
finely-divided hardening agent does not substantially dissolve. 
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The present invention relates to a method of treating a subterranean formation using a consolidatable 
epoxy resin-coated particulate material. 

Consolidatable epoxy resin-coated particulate materials have been used heretofore in various well treat- 
ment operations. Consolidatable epoxy resin-coated sands have been used, for example, for gravel packing 

5 for the development of controlled permeability synthetic formations within subterranean zones and as prop- 
pant materials in formation fracturing operations. Due to their desirable permeability and compressive strength 
characteristics, consolidatable epoxy resin-coated particulate materials are especially well-suited for treating 
semiconsoJidated and unconsolidated formations which contain loose or unstable sands 
^™* b *™' m ' 0,6 term "consolidatable epoxy resin-coated particulate material- refers to a particulate 

10 material which is coated with an uncured or only parualy cured epoxy resin composition. Typtealy. the con- 
solidatable epoxy resin-coated particulate material will be injected into a subterranean zone using procedures 
whereby the epoxy resin does not substantially harden until after the particulate material has been delivered 
to a desired location within the formation. The consolidatable epoxy resin-coated particulate material will tvo- 
icaly harden within the formation to form a hard, consolidated, permeable mass. 

is Wei treatment methods utilizing consolidatable epoxy resin-coated particulate materials are disclosed 

for example, in U.S. Patent No. 5,128.390. The entire disclosure of U.S. Patent No. 5.128.390 is incorporated 
herein by reference. ..i^^aiou 

U S Patent No. 5.128.390 discloses a method for continuously forming and transporting consolidatable 
resincoated particulate materials. In the method of U.S. Patent No. 5.1 28.390. a stream oTgeHed aqueTsci 
rier liquid te continuously mixed with a particulate material (e.g.. sand), a hardenable epoxy resin composition 
and a surface active agent The resulting continuous composition is delivered to and/or injected Into a desired 
subterranean zone. As the continuous mixture flows down the well tubing toward the subterranean zone, the 
composition ingredients are thoroughly mixed such that the gel-suspended particulate material is coated with 
the hardenable epoxy resin composition. After being placed in the subterranean zone, the epoxy resin com- 
datodmasJ? 10 WhefSby the "»«"-«»ted particulate material forms a hard, permeable, con^ol 

2Tl har ?-. nab,e f!^ reS<n com P° 8ition usod m the method of U.S. Patent No. 5.128.390 is generally com- 

^rt^^^^Z "Jtr ayStem = a han,en "* aQan * a «»P""9 agent; aS a hJenlng 
rate controller. The hardening agent used in the method of U.S. Patent No. 5.128.390 is either fa) an amine 

Unfortunately, well treatment methods of the type disclosed in U.S. Patent No. 5.128.390 are not well- 
suited for use ,n high temperature subterranean formations. Consolidated epoxy/hardener com^oc^ Jthe 
type used in the methods of U.S. Patent No. 5.128.390 typical* cannot withstand tmZZSSlSZ 
foZtSns * 8UCh tomPWatU "' 00ndito ~ - * encoun^TnTbtelnS; 

Thus a need presently exists for a consolidatable resincoated particulate material and method which can 
be u^dfor treettng high temperature subterranean zone, and formation, (i.e.. zone, and foremen. hav^S 
temperatures exceeding about 200° F). wm-uon. raving 

^ D SL n0diPhe I^ telifo ?* <DDS) ha * been U8ed "^tofore a. a hardener in certain epoxy resin compos*. 

1^ y T"?** hiflh t9m P ,srature ««*»nce and high chemical resistance propertiS At^nS 

condition.. DDS is typically a solid material which will not substantially dissolve in most ofS^em^or 
diluents used in epoxy resin systems. Thus, when blending DDS with an epoxy resTthe btenSccmoo^ 
must typically be heated sufficiently to enable the DDS to be dissolved in Z e^ rZ s^rT^ 

In view of the difficulties encountered when blending DDS with epoxy resins, the use of DDS as an epoxy 
re8 ^!? er,n "^^ft operations ha8 "° th «etofore been a viable alternative. The heating 2en2 
"* Z 'ZT*?' diS8OWn0 008 h si***™ typically cannot be ecorKXT^Iy and cot 

vemently conducted at the well site. Addlttonafy. it is generally not possible to perform tJwbZS ,ZmZ 
off-ate and then deliver the DDS/epoxy resin blend to the well site since: (a)Te resulurw DDS^xT^ 
composition will typically have a very short pot life; (b) the DDS/epoxy resin composite UnSXS 
harden before it can be delivered to the well site and used; and (cTeCen if th^Ze » no heX £££ 
use. any excess material produced and delivered to the well site is simply wasted. 

u JmaSS eclptSol" ^ " ^ 8 8UbtorTanBan *" W — partt, 

wructi^^p^ear s^psT * 3 * ^ 3 ™ * * ■* 

(a) ejecting a treating composition into the wel to place the —^position in tne ^ subterranean zone- 
wherein the treating composition comprises a gelled carrier, a , articulate material, an epoxyn^sy^m 



20 



25 



30 



35 



40 



45 



na*aiaeA2 l > 



EP0643196 A2 



including at least one epoxy resin, and a f inely-divided hardening agent which, when dissolved. Is operable 
for hardening said epoxy resin, at least a portion of said finely-divided hardening agent being dispersed 
in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that, prior to injecting the com- 
position into the well -i accordance with step (a), the f inely-divided hardening agent is not substantially 
dissolved. 

One preferred finHy c™**c hardening agent for use in the invention is 4,4'-diaminodiphenylsulfone. 

The present invention r*%ofves various problems encountered heretofore in the use of DDS and similar 
high temperature harden agents. The components of the well treating composition can be conveniently and 
economically blended at the wel site using standard mixing techniques and devices. Since the f inely-divided 
hardening agent used in the nventive composition does not substantially dissolve until after the composition 
is pumped into the well, there a very little chance that the epoxy resin component of the composition will sig- 
nificantly harden before the composition is properly placed down hole. Once in place, the composition consol- 
idates to form a hard permeable mass having a significantly higher compressive strength and a substantially 
higher fracture conductivity than does uncoated sand. Thus, the composition and method are well-suited for 
use in gravel packing operations, fracturing procedures, and other such well treating techniques. 

If desired, the epoxy resm and finely-divided hardening agent components of the inventive composition 
can be premixed to provide a one package epoxy system having a desirably long pot life. The inventive one 
package epoxy system will not substantially harden until the temperature of the system is raised sufficiently 
to cause a significant amount of the finely-divided hardening agent to dissolve. When, for example, the finely- 
divided hardening agent used in the inventive one package system is 4,4 -diaminodlphenylsulfone, the one 
package system can typically be stored for more than 25 days at temperatures not substantially exceeding 
75° F. 

Further objects, features, and advantages of the present invention will be readily apparent to those skilled 
in the art upon reading the following description of the preferred embodiments. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

As indicated above, the inventive well treating composition comprises: an epoxy resin system; one or more 
finely-divided hardening agents which, when dissolved, is (are) operable for hardening the epoxy resin system; 
a gelled carrier, and a particulate material. The inventive well treating composition can optionally include one 
or more members selected from the group consisting of: a solvent or solvent system for the epoxy resin system; 
a diluent ordiluent system for the hardening agent; one or more coupling agents; one or more compounds which 
are operable for crosslinking the epoxy resin system; various surfactants; hardening rate controllers; methanol; 
and one or more aliphatic alcohols. 

The epoxy resin system used in the inventive well treating composition is composed of one or more epoxy 
resins which (a) will coat the particulate material when the particulate material is suspended in the gelled carrier 
and (b) will harden when placed down hole such that the epoxy resin-coated particulate material is thereby con- 
solidated to form a hard permeable mass. Examples of epoxy resins preferred for use in the present invention 
include: the digiyctdyt ethers of bisphenol-A; the digfyckJyl ethers of bisphenoi-F; the glycidyt ethers of amino- 
phenols; the glyctdyl ethers of methyl enedianiline; and epoxy novolac resins. The epoxy resins used in the in- 
ventive wel treating composition will preferably have epoxide equivalent weights (EEW) in the range of from 
about 90 to about 300. The EEW of an epoxy resin is determined by dividing the molecular weight of the epoxy 
resin by the number of epoxide groups contained in each molecule of the epoxy resin. 

The epoxy resin system used in the inventive well treating composition can also include a solvent or solvent 
system. When used, the solvent or solvent system will preferably be included in the epoxy resin system in an 
amount sufficient to ensure that the viscosity of the epoxy resin system does not substantially exceed about 
5000 centipoise at 75° C. Examples of solvents suitable for use in the epoxy resin system include polar organic 
diluents which are reactive with epoxide and polyepoxide resins; polar organic diluents which are substantially 
nonreactive with epoxy resins; and mixtures thereof. Examples of suitable reactive polar organic diluents in- 
clude: butylgryctdyiether; cresoigJyddyiethen alkyfgiycidytether; phenylglycidyf ether, and generally any other 
grycidyl ether which is misciWe with the epoxy resin(s) used. Examples of substantially nonreactive polar or- 
ganic diluents suitable for use in the epoxy resin system are disclosed in U.S. Patent No. 5.128,390. Preferred 
nonreactive polar organic diluents include: ethylacetate; butyl lactate; ethyl lactate; amy! acetate; ethylene gly- 
col dtacetate; and propylene glycol diacetate. 

When possible, any solvent used in the inventive well treating composition will preferably be a material in 
which the finely-divided hardening agent will not substantially dissolve at ambient conditions. 

The epoxy resin system is present in the inventive well treating composition in an effective amount for con- 
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21? 12 ^ Par l fcUlate material to form a hard permeable mass. Typically, the amount of epoxy resin system 
used in the inventive composition wiH be an amount providing in the range of from about 1 toabout 20 Pounds 
of epoxy resin per 100 pounds of particulate material. When, for example, the epoxy resin system consW. es! 
sentially of a mixture of N,N.rf .N^tetraglycldyM.^memylenebisbenzamine and 1.4-butenedton MyckM 
etter. the amount of epoxy resin system used in the inventive composition will preferably be an amount pro- 
vxling in the range of from about 2 to about 5 pounds of epoxy resin per 100 pounds of particulate ^torfJT 
•^J?! harte "fng agent used in the inventive well treating composition can generally be any hardening agent 
which: (a) can be provided in finely-divided form; (b) can be readily dispersed in thi epWresTsysten?^ 
can be maintained under conditions such that it will not substantially dissolve prior to b^n^ZTZlrt 
and W win operate, when dissolved, to harden the epoxy resin system Tne^e^oZ^^b^a 
material which will provide a hardened epoxy resin composition which (a) exhibit. suteSj 
pressive strength and fracture conductivity properties than doe. uncoated sand and (b) suStiaByreSnt 
wh^ "SET ? S mp l rature8 " * least about 325- F. Most preferably, the hardening age£^ agtft 
which w.Melda hardened epoxy resin composition which is well-suited for use at temperature, in Z SSe 
of from about 200° F to about 350° F. v 8 m m ran 9« 

Examples of finely-divided hardening agents preferred for use in the present invention include- 4 4'-dto- 
m.nodiphenylsutfone. 3.3^diaminodiphen y isulfone. metaphenylenediamSe. 4.4^lTSen^i 
ethytideneHbhKbenzenamine). and 4.441.4.phenylene(1-methy.ethy.idene) mt^^Z^l^ 
Due totter relative low solubilities in most epoxy resin systems, aromatic diamines a^part^Sy^S 
for use in the present invention. ^ ,y WMU1M 

The hardening agent most preferred for use In the inventive well treating composition is 4 4'-dlamlnodl- 
tETTZ ( lf DDS) " The 80,Ub, " ty of4 - 4 ' DDS -"ost epoxy rosin systems S^Z»y tSJFiH 
tkmally. haniened epoxy resin compositions provided through the use of 4.4 -DDS are highly temlraTunvrt 
s«tent and chemioal^sistant Further, hardened epoxy resin compositions formed thrSgn STu^St^ 
DOS are particularly well-suited for temperatures in the range of from about 200- to abo^3o^^er 
in comparison to other hardening agents used in the art, 4.4'-DDS presents an extreme* loTbeaM^ 

The amount of finely-divided hardening agent used in the inventfcewett treatCcom^^ In SLnt 
which, when dissolved, is effective for hardening the epoxy resin system. tfT^l^^^ n T,Z^^. 
invendv. composition is finely-divided 4.4'-DDS. said 4.4^-DDS i, p£e^bty hld^ in Z!n t ^omlo! 
sWonln an amount in the rang, of from about 25 g to about 45 g peMOo7of epo^n resin ^ 
The individual particles of the finely-divided hardening agent will preferably havesizea in the ranaarf from 
X^^m?,; ^ PartlCU,ate * f-xampTbyX^r 

■nn 2Hn«uMi^ tocilitote component blending, the finely-divided hardening agent can be added to the well treat- 
7 C °^^ t,on « a 8lurr y Examp.ee of diluent liquids preferred for use in forming to?h^rd«Z aX 
slurry include methanol, ethand. isopropyl alcohol, ethyl acetate, butyl lactate. tokjen. xy^ene^soaZ^ 
t^**** a,Coho '' "« «**■■• When possible, the diluent will ^t^'^aZ^Z^t 

which the finely-divided hardening agent will not sutatentiaHy dtesohre at amote^Son^ 

Although the geled carrier liquid used in the inventive well treating composition can generally be anv oelled 
carter commonly used in the art, the gelled carrier Ik* id I, preferably" geBed^ec^con^^T^CS 
aqueous composition can generally be formed using fresh water. brinTseawater or thel^T 
.^J^^^^^Hy aflem C ° mm ° n,y U8ed in wa " •"■""B operations to form gelled aqueous carrier Ita- 
^I^ k ^ k ^ Sa " t inVenti0n " ^ ^"'"O aoant. preferred tor use in the pros^^Tart 
^i^r^l 68 T" 9 . m ° ,eCU ' ar Wei0hts in the «"«• of 'rem about 1 00.000 to ab<Hrt 4.0^fJoT P Svsa^ 
^Jt, ^T' eCtJ,arWei0ht8 in the about 800.000 to about 2.4CO.0M are PartS'l^v weT 

surted for use In the present invention. The polysaccharide gelling agent wil prefen^^^Sro^e^ 
or other subattuents which provide water hydration and other ^ararteristJcs conducive to metaSZ^ 

of polysaccharide polymers preferred for use in the inventive well treating composition inchxts^bs^c^ 
boxy and hydroxy alky, cellulose (e.g.. hydroxyethyl celluiose and carboxymet^X^ csSta^^ 

g^ectoTcc^^ 

The amount of polysaccharide getting agent used in forming the gelled.aqueous carrier liquid wil oreferablv 
be an amourt in the range of from about 20 to about 120 pounds of geninTagent per mSSSSS 
The gelled aqueous carrier liquid will preferably have a viscosity in the rangeof frim about 1o^£S^ 
about 400 cenUpoise. Most preferably, the gelled aqueous carrieV iiquid « <££^^ a ^t££ 
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50 pounds of hydroxypropyi guar gelling agent per 1000 gallons of water and has a viscosity in the range of 
from 15 to about 100 centipoise. 

The gelled aqueous carrier liquid can also include one or more gel crosslinking agents. Examples of gel 
crosslinking agents preferred for use in the present invention include: titanium lactate; titanium triethandamine; 
5 aluminum acetate; magnesium oxide; and zirconium salts. 

The inventive well treating composition preferably also includes one or more gel breakers. The gel breakers 
preferred for use in the inventive composition are materials which are operable for breaking the aqueous carrier 
gel, and thereby reducing the viscosity of the aqueous carrier liquid, at a time substantially corresponding to 
the placement of the inventive composition in a desired subterranean zone. When the carrier liquid gel is brok- 
10 en the carrier liquid readily separates from the remainder (Le., the epoxy resin-coated particulate portion) of 
the well treating composition. As a result, the epoxy resin-coated particulate material is allowed to consolidate 
and thereby form a hard permeable mass in the subterranean zone. 

When the geiling agent used in the inventive composition Is a substituted cellulose-type gelling agent, the 
gel breaker used will preferably be an enzyme-type gel breaker (e.g., ceilulase) or an oxidant such as sodium 
15 persulfate. When the gelling agent used in the inventive composition is a substituted guar gelling agent, the 
gel breaker will preferably be a hemicellulase or an oxidant such as sodium persulfate. 

The paniculate material used in the inventive composition can generally be any proppant or other water- 
insoluble particulate material of the type used in fracturing, gravel packing, and similar well treating operations. 
Examples include; sand; glass beads; nut shells; metallic pellets; gravel; synthetic resin pellets; gilsonite; coke; 
20 sintered alumina; mullite; and combinations thereof. The particulate material used in the present invention is 
most preferably sand. The particulate material will preferably have a particle size distribution in the range of 
from about 10 to about 70 mesh, U.S. sieve series. 

The amount of particulate material used In the inventive composition is preferably an amount in the range 
of from about 2 to about 20 pounds of particulate material per gallon of the gelled aqueous carrier liquid. Most 
23 preferably, the amount of particulate material used in the inventive composition is an amount in the range of 
from about 3 to about 15 pounds of particulate material per gallon of gelled carrier liquid. 

One or more coupling agents can optionally be used in the inventive composition to facilitate the coupling 
of the epoxy resin(s) with the particulate component of the inventive composition. Coupling agents preferred 
for use in the inventive composition are functional silanes. The coupling agent used in the inventive compo- 
30 sition is preferably a N-beta-(aminoethyl)-gamma-aminopropyltrimethoxysllane. The amount of coupling agent 
used in the inventive composition wiU preferably be in an amount In the range of from about 0 to about 2 parts 
by weight per 100 parts by weight of epoxy resin used in the inventive composition. 

As will be understood by those skilled in the art, hardening rate controllers (i.e., retarders or accelerators) 
can be used to extend or shorten the time necessary for curing the epoxy resin composition. Examples of re- 
35 tarders suitable for use in the present invention include low molecular weight organic acid esters (e.g., alkyl 
esters of low molecular weight alky! acids containing from about 2 to about 3 carbon atoms). Examples of ac- 
celerators suitable for use in the inventive composition include: 2.4,6-tris dimethylaminomethylphenol; the 
ethylhexanoate salt of 2,4,6-tris dimethylaminomethylphenol; and weak organic acids such as fumaric acid, 
erythorbic acid, ascorbic acid, and maleic add. Any hardening rate controller used in the present invention will 
40 preferably be present in an amount in the range of from about 0 to about 10 parts by weight per 100 parts by 
weight of epoxy resin used in the composition. 

The inventive weB treating composition can further include one or more surfactants which enable the 
epoxy resin system to rapidly coat the particulate material. Examples of such surfactants suitable for use in 
the present invention and desirable concentrations thereof are disclosed in U.S. Patent No. 5,128,390. 
45 In order to further facilitate the coating of the particulate material, the inventive composition can also in- 

clude an aliphatic alcohol which is only slightly water-soluble. Examples of preferred aliphatic alcohols include 
isoamyl alcohol and tsohexyt alcohol. When used, such alcohols are preferably present in the inventive com- 
position in an amount in the range of from about 1 to about 2.5 gallons per 1000 gallons of gelled aqueous 
carrier liquid. 

so As will be understood by those skilled in the art and as explained in U.S. Patent No. 5,128,390, the inventive 

composition can also include other surfactants which operate as oil-water demulsif iers, foaming agents, and 
the like. 

The inventive wed treating composition can be conveniently formed at the well site. In forming the inventive 
composition, the gelled aqueous carrier liquid is preferably first prepared by combining the gelling agent with 
55 water. The resulting gelled aqueous carrier is then preferably conducted to a continuous stream mixing tub or 
other commonly used continuous mixing apparatus. In the mixing tub, the remaining components of the in- 
ventive composition are continuously added to and mixed with the gelled aqueous carrier liquid. As the com- 
ponents are mixed, the resulting mixture is continuously drawn from the mixing tub and injected into the well 
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such that the inventive composition is placed or injected into a desired subterranean zone 

As the inventive composition flows down the wen tubing toward the subterranean zone the inventive mm. 
K°iw?° rOU9h,y ^ ( a )^»^'ate material is suspended in ^e^^^r 

liquid, (b) the components of the epoxy resin system are thoroughly blended: (c) the finelv-divkLt h an ZZ, 
agent thoroughly blended wi,h the epoxy resin system; and^the pan^Z^t^JT^ 
with the epoxy resin system* mely^ivried hardening agent blend. ^ coatea 

u J"ZZ*™!? d '™° t "ZZ**?*™ m * th0d ' *• mentive well treating composition is injected into a well 
under sufficient pressure * torn, fractures in a subterranean formation. The resin-coated particular .material 

Tan^^ date ^? S * ,raCtUfeS to V™*' ««W-Permeable flow paths wIKST^ 
In another ernbod.m.n. or the inventive method, the inventive wei treating composition is use^aTother- 
ws. conventional gravel pecking operation. In the inventive gravel packing operatton? the intense wS22 
mg composition « delivered, lor example, to an open subterranean zone SgTan umJ^mlameTwe. Sore W 

SSc^^rS T 'I! ' 3 ■«"»"PP- with . wire screenCere^Se^Sa^d" 

partculate material deposns and consolidates around the screening device to form a hard. fluio^Swe 

posifton^e o^ed "? ""^^ hafdenlnfl ■»■"» component, of the inventive com- 

Wioncan be premixed to form an inventive one-package epoxy system. Thus, a large batch of the invent™ 
one-package epoxy system can be prepared and stored at a desired location. Po^rtt^onlna^; 
system can then be delivered, when needed, to one or more well sites. one-package 

In order to prevent the inventive one-package system from hardening, the system is maintained un<ter ^ 
pereture condHton. such that the f inely-divided hardening agent doe. not hSZ^STS the^v" 
resin system. Consequentty. the finely-divided hardening agent used in the presenUnten^? ore^ere^ 
S^XSiT "** ^ * ^ «* ^aTtem^ra^Tp'S 

In one embodiment of the present invention, the inventive one-package eooxv svstem i« n~™^ «. K 
22?£ , ° d (e V t,0aSt0ne ^ ln adVanC8 ° f ,he *~ that thelr^n!^ 

raining the one-package system is to be injected into a well. When the hardening agent usedTu^nv^ 
one-package system is 4,4'-DDS. the one-package system can generallv besSI^^JL Inventive 
ceeding about 75» Ffbr a period of more than25 days. Substanttsl ^ZZZafJSZl ZJ^Tl?™ **' 

Throughout the inventive wed treatment method, the finely-divided hardening eoent to o^ferabh, m„i^ 
tamed under temperature conditions such that the hardening agent does nota^ZSZ!^^ 
resjn system untJ, after the inventive we,, Ueat.ng composZTin^ Ztol^^f^^™ 
position » exposed to the elevated temperatures existing in the subtenant 'zone ^fEEZSSEl 
eningagent dissolves in the epoxy resin system and then operates to ha^nZe^ «1 
coated particulate material forms a hard, consolidated, permeable mass * 

The folowing examples are presented in order to further illustrate the present invention. 



EXAMPLE I 



The viscosity development characteristics of an epoxy resin system at 100° F and 120° F were evai.^i-H 
over several days. The epoxy resin system consisted of 66 granwof MY05O0 fa ctaltL*^^? 
a T°T" T"?! fTOm C,BA GEK3V Corporation, rnJTSZ £ Z^Z^l^, 

- ^^^^ 
^V— ntollkeVtooc^^ 

In view of these results, it is apparent that the epox -sin used in the inv«nth,A rmr^»i~~ <« ^ . 
be a resin which will not substantia* se, poiymerS **ETcS5^^ 
50 ventlvo composition is properly placed in the desired »u terranean zone. 
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vtbcosity* or mimi j; pop rkath aystkm 





viaeosltv at A°2i 

100°F 


Davfl 


0 


80000 


72000 


1 


76000 


72000 


2 


76000 


72000 


3 


80000 


76000 


5 


92000 


80000 


6 


80000 


80000 


7 


80000 


80000 


8 


76000 


80000 


9 


76000 


80000 


10 


80000 


80000 


11 


92000 


88000 


12 


88000 




15 


80000 




20 


80000 




25 


88000 




30 


92000 




36 


108000 





Measured with RVT Broofcfield viscometer at 1 rpm with 
spindle #4. 



EXAMPLE It 

55 44 g of 4.4-DDS powder in 4 ml of butyl lactate were mixed with 98.6 g of an epoxy resin system identical 
to the epoxy resin system tested in Example I. The resulting dispersion was divided in four portions. Portions 
1. 2, 3. and 4 were maintained, respectively, at room temperature (i.e., about 75° F), at 90° F, at 100° F, and 
at 120* F The viscosity of each composition was monitored over a number of days. 

As indicated in Table 2. the dispersion maintained at room temperature did not substantially harden during 
the entire 26 day testing period. The compositions maintained at 90° F and 100° F f on the other hand, under- 
went significant hardening after four days and two days, respectively. 

Thus, the one-package epoxy system tested in this Example would appear to have a relatively long pot 
life when stored at temperatures not substantially exceeding 75° F. 
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TMBXM 2 



ggeggiag «fc <«»> 
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15 
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f 0*9 






36000 


40000 


16000 


32000 


36000 


36000 


24000 


40000 


3 6000 


20000 


14000 


64000 


36000 


36000 


24000 


160000 


44000 


32000 


24000 


640000 


44000 


44000 


20000 


1600000 


40000 


4400O 


32000 


41000 


72000 


36000 




41000 


•0000 


00000 




20000 


112000 


00000 




20000 


240000 


160000 




20000 


256000 


232000 




20000 


400000 


432000 




20000 


600000 


944000 




20000 


1472000 


1600000 




16000 


1600000 






16000 









0 

1 

2 
3 
4 
5 
6 
7 
• 
9 

10 
11 
12 
13 
14 
15 
26 

M«ifur«d with RVT Brookfl«ld vlicoMttr at 1 rpm vltfc apindl* #4. 
Boos t«ipiiiturt <!-•-, «bout 75* Fl . 



EXAMPLE III 



Numerous one-package epoxy systems were prepared by mixing powdered 4,4'-DDS with various epoxy 
23 resin systems. The compositions of these one-package systems are set forth in Table 3. In some cases, the 
powdered 4,4'-DDS composition used in the blending process was a powdered 4,4'-DDS/methanol slurry. 

Each of the one-package epoxy systems was used to coat a sand material suspended in a carrier. In each 
instance, the resin mixture in question was added to an amount of the sand/carrier suspension and the resulting 
composition was blended for 3 minutes using an overhead stirrer. The sand/carrier used in each case contained 
30 8 pounds of sand per 100 gallons of carrier liquid. 

Following the coating procedure, each of the resin-coated particulate materials was cured. Table 4 provides 
the curing conditions used in each case as wel as the type of sand used, the amount of one-package system 
used per sack of sand, and the carrier liquid used in each case. 

Following the curing process, the compressive strengths, glass transition temperatures, and melt temper- 
as atures of the resulting consolidated materials were determined. These properties are provided in Table 4. 

As indicated In Table 4. the one-package epoxy/DDS dispersions provided by the present invention were 
effective for coating suspended sand and for providing consolidated materials having compressive strengths 
substantially exceeding the compressive strength of uncoated sand. 

The glass transition temperature (Tg) of a cured epoxy resin generally indicates the upper useful temper- 
ature limit of the cured resin. As indicated in Table 4, almost all of the hardened compositions prepared in this 
Example had glass transition temperatures exceeding 200° F. Several of the hardened compositions exhibited 
glass transition temperatures approaching or exceeding 350° F. 
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ItEh * ^^ te ^ ln ° e *y | >:9an 1 ma-aminopropyitrimethoxy- S ilane > 41.58 grams of HT976. and 11 55 mL of 

c^Sl^T^l Y miXi "2 f 09 80 ° V8rhead StirrW - A firet POrtto" of this compositionwasus^to 
coat 20/40 mesh Ottawa frac sand at a concentration of 0.5 gallons of the one-package epoxy system DerlOO 
lb sackof sand Asecond portion of the one-package system was used to coatl(V40 meS a^rac^S 
at a «jKentratton of 0.375 galons of the one-package system per 100 lb. sack of sanTfhe pSced^ „*£ 
m each case for coating the sand with the one-package system Involved the steps of: suspendW^S^ 
a gelled aqueous carrier liquid at a concentration of 8 pounds of sand per 100 gaBons^nedtauWa^^ 
he one-package epoxy system to the sand/earner liquid suspension; and ^T^r^T^^Z 
for Smimite. using an overhead mixer. The geied carrier liquid had a pH of 9.5 and was compos^e^T 
tZT^^ 9UarPef10009a,,On8Of 8qUeOUS aqueous liquid used was \™£%L 2%Ka 

inan^^c^ 

Following the curing procedure, water flow was initiated through each of the conductivity cells and the can. 
duct^mes of the materials therein were determined. Row conductivities for each of the n^erials ^£ S£ 

For comparison purposes, the fluid conductivty of uncoated 20/40 Ottawa sand was also determined at 
closure pressure, of 1000 psl. 4000 psi. and 6000 psi. The results of these tests ant Z ZSJEK 

As indicated in Table 5. the fluid conductivities of the consolidated materials prepared JsmTthe [ientL 
^SZXiXT 8Ub i tantially exceeded tho « uW «>nductMt«e. of m. uncoaCsanV 
« , tN ! "° W conductivity test, each of the consolidated compositions remained consolidated 

Scanning electron microscope analysis Indicated that the hardened epoxy surface cc^s fo3TeaS 
case were not in any way substantially disrupted by the high pressure flow testa each 

TABLE 5 



35 



FRACTURE CONDUCTIVITY DATA 


Stress (psi) 


Conductivity (md-ft) 


.375 gal/sac* . 


.5 gal/sack 


No Resin 


1000 




5385 


5614 


4231 


4000 




4225 


3040 


2422 


6000 




3029 


2416 


950 



40 



EXAMPLE V 



dispersion and mixed therewith using said overhead stirrer were added to the 

rrsu=^^ 

per 1000 gaBons of aqueous 2% KC. solution. ,n each case, the se^glttl^^^^^. 
8 pounds of sand per 100 galons of the gelled aqueous earner liauid Th« . consisted of 

essentially identical to the coating procJur. dJcTJin^xa^e m ^ W " 

Each of the resin-coated sand compositions was cured in an API linear conductivity ceil for 20 hou™ -t » 
temperature of 275°F. Aft* hardening, each of thecons^ 

psi at 275- F. At a closure pressure of 600 psi. the 0.5 gallon oar sack m-Zw « * 1300 

• ^ot^!- ^ fraCtUre ^activity of uncoated 20/40 mesh Ottawa f rac^d ™d« tEete JZSZZ 
»onV950md-fUhe harden- inventive compost 
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ing the fracture conductivity of uncoated sand. 
EXAMPLE VI 

Twelve epoxy novolac based one-package epoxy systems (i.e., resin system compositions 29-40) having 
Twewe epoxy nov«a J^^« Resin system compositions 29-33 were prepared by mixing 

°^TZJZ iZerTo this mbrture was added 0.S mL of A1120 followed by 15 minutes of additional stimng. 
^T^ZaZTer^Z followed by 5 addittona. minutes of string. The resulting mixture .was then 
used i^the a^unts set forth in Tabls 6. to coat 20/40 mesh Ottawa sand in an aqueous gel earner 

Resin system compositions 34-36 were prepared by mixing togemer 19 grfSU 2.5. 3.3 g of HEWW 5044, 
1 mL of E^1 aTd ?.Tmt of A1120for 15 minutes. Next 7.56 g of HT 976 dispersed in ^J™"""^ 
added followed by one minute of additional stirring. The resulting mbrture was then used in the amounts set 
forth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueous carrier gel. 

Res* system compositions 37-40 were prepared by mixing together, in the amounts set forth in Table 6. 
SU 2 ThELOx75^ and A1120 for 15 minutes using a mechanical stirrer. Asecond composition containing 
HT 976 e£ A andmemanol in the amounts set forth in Table 6 was prepared by mixing these components 
tooemeifoTlO m?nutos S a mechanics, stirrer. The second composition was added to thef irst composition 
2 l^ rZ^Z mt^e was stirred for one minute. The final stirred mixture was then used in the amounts 
set forth in Table 6 to coat 20/40 mesh Ottawa sand in an aqueous carrier gel. o 

T^geBedaqueous carrier liquid used in each case contained 40 lb. of hydroxypropyl guar per 1000 gallon^ 
of aq^usZw (1^2% aqueols KC. solution) and had a P H of 5. In each case, the sand/carrier ..quid sus- 
oenslon used consisted of 500 g of sand per 555 mL of gelled aqueous carrier liquid. 

P T eacTcase. the sand was coated with the resin composition by mixing the ream compos.t^n wOh me 
sandier suspension using an overhead stirrer. Foilowing the coating procedure, each of the resin coated 
sand materials was packed in a separate glass tube and cured in an oven. The cunng conditions used. asweM 
artne^Cesrive strengths and gtess transition temperatures exhibited by the cured materials, are recorded 

ln ^indicatod by the compressive strength and giass transition ^^SS^ISL "whictwJri 
compositions 29-M). these epoxy novolac based resin systems provided consolidated materials which were 
well-suited tor use at temperatures exceeding 300° F. 
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Claims 

1. A method of treating a subterranean zone in a well, which method comprises the steps of: 

(a) injecting a treating composition into the wed to place the composition in the said, subterranean zone; 
5 wherein the treating composition comprises a gelled carrier, a particulate material, an epoxy resin sys- 
tem including at least one epoxy resin, and a finely-divided hardening agent which, when dissolved, is 
operable for hardening said epoxy resin, at least a portion of said finely-divided hardening agent being 
dispersed in said epoxy resin system; and 

(b) maintaining the finely-divided hardening agent under conditions such that, prior to injecting the corn- 
to position into the well in accordance with step (a), the finely-divided hardening agent is not substantially 

dissolved. 

2. A method according to claim 1 , further comprising the step, prior to step (a), of premixlng the finely-divided 
hardening agent with the epoxy resin system. 

15 

3. A method according to claim 2, wherein the finely-divided hardening agent is premixed with the epoxy 
resin system at least one day prior to step (a). 

4. A method according to claim 2 or 3, wherein said finely-divided hardening agent is premixed with said 
epoxy resin system by mixing with said epoxy resin system a slurry comprising the finely-divided hard- 

20 ening agent and a carrier liquid. 

5. A method according to claim 4, wherein the carrier liquid is methanol, ethanol, isopropyl alcohol, ethyl acet- 
ate, butyl lactate, toluene, xylene, isoamyt alcohol, isohexyt alcohol, or any mixture of two or more thereof. 

25 e. A method according to any of claims 1 to 5, wherein the epoxy resin system further includes at least one 
solvent 

7. A method according to any of claims 1 to 6, wherein the treating composition is prepared byu 

(i) adding the particulate material to a substantially continuous stream comprising water and a gelling 
30 agent; and 

(ii) adding the epoxy resin system and the finely-divided hardening agent to said continuous stream. 

8. A method according to any of claims 1 to 7, wherein the finely-divided hardening agent is 4,4-diamino- 
diphenylsutfone. 

35 

9. A method according to any of claims 1 to 8, wherein said subterranean zone is a subterranean formation 
and said treating composition is injected into the well under sufficient pressure to fracture the subterra- 
nean formation. 

10. A method according to any of claims 1 to 9, wherein the treating composition is injected into the well such 
m that the particulate material is coated with the epoxy resin system and the finely-divided hardening agent, 

and the coated particulate material is deposited in said subterranean zone around a screening device. 
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